Inpatients use call lights to seek nurses' assistance. Although implied in patient safety, no studies have analyzed data related to the use of or response time to call lights collected by existing tracking mechanisms monitoring nursing practice. This study used archived hospital data to determine the correlation of the call light use rate and the average call light response time with the fall rate, injurious fall rate, and patient satisfaction scores in acute inpatient care settings.
prevention issues is often overlooked. Thus far, no studies have evaluated the call light use or response time data collected via hospitals' existing call light tracking mechanisms to monitor clinical nursing practice.
PURPOSE
This exploratory study was designed to determine the correlation of call light use rate per patient-day and the average call light response time with the total fall and injurious fall rates per 1000 patient-days and inpatient satisfaction scores. The research was conducted in 4 acute, adult inpatient care units (2 medical, 1 combined medical-surgical, and 1 surgical) in a community hospital located in Michigan and used archived hospital data for analyses. The differences on study variables across 3 unit types were also explored. The goals were to generate insights about call light use and responsiveness correlated to patient safety and satisfaction outcomes.
BACKGROUND Nurse call systems: Issues related to call light use and response time
The call light is a vital patient communication link during hospital stays. It is one of the few means by which patients can exercise control over their care on the unit. When patients use the call light, it is usually to summon the nurse for information or assistance. Patients expect that when they push the call light button, a nursing staff member will answer or come to them. Conversely, call lights have been commonly perceived by nursing staff as noise and interruptions to nursing tasks instead of an important way for patients to request assistance. 3 The assumed disparity between patient and nurse perceptions of call light usage may be at the crux of a patient safety problem, specifically, patients become impatient when a swift response is not made, and they attempt activities that threaten their safety. The problems related to answering call lights may also affect nurse-patient communication and ultimately patient satisfaction. Communication through the call light systems consists of 3 interrelated components: (1) answering the call light, (2) responding to the patient's request, and (3) following through with the request. Frustration over delays in answering call lights is one of the most frequent comments made by patients. 5 It is important for unit staff to recognize that call lights are legitimate ways for patients to test the responsiveness of the hospital system to have their needs taken care of. For example, patients may use call lights to test the responsiveness of nurses. Unanswered call lights of immobile orthopedic patients may create a sense of helplessness and fear. 6 Nurses may consider some call light use by patients to be illegitimate. 5, 7 However, limited studies have systematically addressed the perspectives of nurses toward patient-or family-initiated call light use.
Call light use and inpatient falls
An exploratory study 7 conducted at a Michigan hospital identified the extrinsic risk factors for inpatient falls on the basis of nurse and nursing attendant interviews and fall incident reports. The extrinsic risk factors for falls were categorized into 3 dimensions: (1) patient room design and settings, for example, the distance and path from the bed to the bathroom, patient's bed being too high, insufficient floor lighting at night, insufficient room space when unused equipment was left in the rooms, poor bed maintenance, the ceiling lift system and the bed pressure alarm not being used regularly, and nurses not being familiar with bed functions; (2) hospital equipment, for example, problems with the bedside commode and portable lift systems not being readily available in the unit; and (3) human resources, for example, patient assignments not being in close proximity, sitters' efforts in promoting patient safety, sitters' ability on fall precaution actions, patient care priorities, nursing staff's misconception about the purpose of call lights, difficulty in implementing timed observation and toileting plans, and call lights not being answered on time. 7 Several human resource issues were found as related to call light use, including difficulties in determining patient care priorities, nursing staff's misconceptions about the purpose of call lights, call lights not being answered in a timely manner, difficulty in implementing timed observation and toileting plans, and patient assignments not being in close proximity, which may result in delays in responding to patients' call lights and needs. 7 It is recognized that there are many causes of falls and the issue of falls has a multifactorial nature. Slow response to patient-or familyinitiated call lights is only one potential contributor to falls.
Another study 8 that used the same data source as the previous study 7 explored the potential solutions to eliminate the extrinsic risk factors that may contribute to inpatient falls from the perspectives of nurses. Solutions related to call light use included improving teamwork and responsibility sharing among nurses and nursing attendants to answer the call lights as quickly as possible, making rounds to ensure that the patients are contented and their needs are met, and ensuring continual observation.
Tzeng and Yin 2 conducted a survey in Michigan to understand the opinions and observations of recently discharged older adult patients about the fall prevention program during their most recent hospitalization. Lack of availability of nurses to help when needed and delayed response to call lights were indicated as 2 of the main safety concerns to participants. Patients or their families emphasized that nurses should monitor patients constantly and provide assistance and answer a call light in a timely manner. In short, patients have linked their healthcare providers' call light responsiveness to these staff's efforts on fall prevention.
Efforts that may lead to less call light use and falls
Culley 4 claimed that hourly nursing rounds are not a new strategy. In recent years, some hospitals have initiated or promoted hourly rounds to anticipate a patient's needs as a primary goal of rounds. Conducting regular rounds is also meant to reduce the noise and interruptions caused by unnecessary call lights. Conducting hourly rounds in inpatient care units 3, 4 and the Patient Service Partner program 9 are 2 studied interventions intended to decrease the frequency of call light use, reduce the fall rates, and improve patient satisfaction.
Meade and associates 3 identified 26 reasons for call light use. The most common reasons were bathroom or bedpan assistance, followed by problems with intravenous catheters or pump alarms. After implementing hourly or 2-hour rounds, call light use was reduced significantly for all reasons, and patient satisfaction scores (patients' perceptions of the overall quality of care on the unit) were increased. A significant reduction was found in the number of falls that occurred on the units that had 1-hour rounds only. However, as reported by Meade and associates, 3 the correlation among call light use, fall rates, and patient satisfaction was not investigated.
Inpatient falls as a targeted patient safety issue
The Joint Commission's National Patient Safety Goals for 2009 10 emphasize the need to reduce the risk of patient harm resulting from falls. Patient falls are indeed a challenging safety and care quality issue in acute care settings. The Joint Commission 1 categorized individual risk factors for falls as either intrinsic or extrinsic to each patient. Intrinsic risk factors are integral to each individual patient and may be associated with age-related changes, including previous falls, reduced vision, unsteady gait, musculoskeletal system deficits, mental status deficits, acute illness, and chronic illness. Extrinsic risk factors are external to each individual patient and associated with the physical environment, including medication, lack of support equipment by bathtubs and toilets, design of furnishings, the condition of floors, poor illumination, inappropriate footwear, improper use of devices (eg, bedside rails), and inadequate assistive devices.
Falls among 65-to 74-year-olds are more likely to be due to extrinsic factors, whereas intrinsic factors are more important among those older than 80 years. 11 Times when patients are especially vulnerable include immediately after admission for acute, life-threatening medical conditions or immediately after treatments, procedures, or surgery. 12 As for the epidemiology of hospital inpatient falls in the United States, the study of Hitcho and associates 13 about the activity at the time of fall demonstrated that 19.1% occurred during ambulation, 10.9% when getting out of the bed, 9.3% while sitting down or standing up, and 4.4% while using the bedside commode or toilet. Krauss and associates 14 illustrated that 79.5% of falls occurred in patient rooms, 11% in patient bathrooms, and 9.5% outside patient rooms (eg, in hallways, in examination or treatment rooms, or by the nurses' stations).
The Joint Commission 15 reviewed patient falls between 1995 and 2004, and it found that the 5 primary root causes of fatal falls were (1) inadequate staff communication and incomplete orientation and training, (2) incomplete patient assessments and reassessments, (3) environmental issues, (4) incomplete care planning and unavailable or delayed care provision, and (5) inadequate organizational culture of safety. According to The Joint Commission's 1 categorization of individual risk factors for falls, these 5 root causes of fatal falls are considered as the extrinsic risk factors for inpatient falls.
Fall prevention programs for hospitalized patients have had limited success because patients have increasingly complex disorders and functional deficits, and staff often fail to consider the relevant risks, such as a patient's tendency to overstep physical limitations. 16 Recent meta-analyses of hospital fall intervention studies have found (1) limited research that adequately evaluates recommendations or programs, 11 (2) lack of reproducibility of interventions within and between different settings, and (3) lack of evidence of costeffectiveness of interventions. 17 To design a sustainable fall prevention program, it is necessary to first identify important objective predictors for the fall and fall injury rates through research. In this study, we focused only on 2 possible predictors for the fall and fall injury rates, which were call light use and response time as recorded by the call light tracking system. Donabedian 18 suggested that structure and process factors are associated with the outcome of care provided by the healthcare organizations, such as patient satisfaction. Van Handel and Krug 6 emphasized that the response time to call lights is an important indication of patient satisfaction and found that orthopedic patients were dissatisfied with the nursing staff's response to their needs and call lights. Consequently, patient satisfaction is included in this study as one of the patient safety outcome indicators.
Rationale for study
On the basis of Donabedian's structure, process, and outcome model and reviewed studies, [3] [4] [5] we assumed that the call light use rates and the average response time to call lights are 2 process indicators to predict outcome variables. However, both the issues of falls and patient dissatisfaction have a multifactorial nature; there are many causes of falls and patient dissatisfaction other than the call light use rates and the response time to call lights. The total fall rate, the injurious fall rate, and patient satisfaction scores are the patient safety-related outcome indicators, although no studies have yet investigated the correlation of these outcome indicators with call light use and response time.
METHODS

Design and data sources
This research was conducted in a community hospital located in Michigan. This project was approved by the institutional review board of the study hospital. It used archived hospital data for the period between February 2007 and June 2008 (inclusive of the months of February and June) for a secondary data analysis. This project explored the correlation of the call light use rate and the average response time with the fall rate, the injurious fall rate, and patient satisfaction scores that occurred in 4 acute, adult inpatient care units.
Among these 4 units, 2 were medical units (a total of 87 beds), 1 was a surgical unit (53 beds), and 1 was a combined medical-surgical unit (58 beds). Because this study also investigated the differences across unit types as one of its purposes, the data of the 2 medical units were combined for interpretation purposes. The unit type of each study unit (a total of 4 units) was identified by the chief nurse of the study hospital. The unit of analysis was the unit-month; a total of 68 unit-month data points were available for analyses.
As a study limitation, the relationship of staffing (skill mix and nurse-to-patient ratios) on the call light use rate and the response time was not explored in this article. Recognizing that staff data provide important demographic information about the study units, the report of the National Database of Nursing Quality Indicators 19 on staffing (the second quarter of the 2008 report) was reviewed and is summarized here. The total nursing hours per patient-day for the 4 study units ranged 
Call light data
The information recorded from the patient room call light tracking system for the study period was used. The type of the call light system used in the study hospital was Responder IV, manufactured by Rauland (http://www. rauland.com/ResponderIV.cfm); the vendor was I.Comm (Wixom, Michigan). The patient room call light refers to the call light button, which is attached to the patient room wall, above the headboard of the patient bed. This patient room call light system is used when a patient is lying on the bed or sitting on a bedside chair or commode. Sometimes the call light tracking program may fail to record call light use and response time owing to situations such as a power outage. When generating a call light report, the number of covered days is indicated automatically. The information of the number of covered days was used in this study for justifying the counts of the total call light use for the defined period.
The call light use rate per patient-day was calculated on the basis of the information retrieved from the call light tracking system. The total call light use counts by unit-month were generated. The computation for the call light rate by unit-month was as follows: [(the counts of the total call light use/the number of the covered days) × the total number of days for the month]/the total patient-days for the month. The average response time in seconds was used as generated from the call light tracking system.
Fall data
Inpatient fall rates are defined as the rate at which patients fall during their hospital stays per 1000 patient-days. 19 Falls include those with no apparent injury or minor, moderate, or major injuries, or ones resulting in death. Injurious falls refer to those with moderate or major injuries or those resulting in death. Total fall counts by unit-month and the severity level of these falls were requested from the hospital for the study period. No falls resulted in death in the study units. The computation for the fall rate by unit-month was as follows: (the counts of all patient falls/the total patientdays for the month) × 1000 patient-days. The computation for the injurious fall rate by unitmonth was as follows: (the counts of injurious falls/the total patient-days for the month) × 1000 patient-days.
Patient satisfaction scores
For the purposes of quality control, inpatient satisfaction surveys were administered routinely to the randomly sampled patients who were discharged from inpatient care units. These surveys were distributed and retrieved via mail by a contracted vendor. The executive summary reports were requested from the study hospital to be used in this research. Patient satisfaction scores were available only for the period between March 2007 and March 2008.
Four patient satisfaction items were selected by the researchers from the Hospital Consumer Assessment of Healthcare Providers and Systems (also known as HCAHPS, the monthly inpatient satisfaction survey questionnaire). These 4 items were verified by the chief nurse of the study hospital as being nursing-related and have been routinely included in the monthly executive summary report prepared for the chief nurse and nursing directors of the study hospital. As a study limitation, the researchers' selection of the included 4 patient satisfaction items was not confirmed again by the chief nurse as being associated with call light use and response time to call light.
The 4 items, identified as being potentially associated with call light use and response time to call lights, were (1) "During this hospital stay, after you pressed the call button, how often did you get help as soon as you wanted it?" (2) "How often did you get help in getting to the bathroom or in using a bedpan as soon as you wanted?"(3) "During this hospital stay, how often did the hospital staff do everything they could to help you with your pain?" and (4) "During this hospital stay, how often was your pain well controlled?" These 4 inpatient satisfaction items were measured on a 4-point Likert-type scale of "always," "usually," "sometimes,"and "never."The scores were reported as positive scores (the percentage of "always").
Data analyses
Collected data were processed using SPSS statistical software. A 1-way analysis of variance (ANOVA) was used to compare the differences across 3 unit types on the means of the call light use rate, average call light response time, fall rate, injurious fall rate, and 4 patient satisfaction scores. Pearson correlation analyses were used to explore the relationships among the call light use rate, the average call light response time, and the identified patient outcome variables (the fall rate, injurious fall rate, and 4 patient satisfaction scores). Correlation analyses were conducted on the monthly unit-level data for all available unit-month data points, as well as on the data points by 3 unit types separately as being a medical, surgical, or medicalsurgical combined unit. The α value was set at .05. Table 1 illustrates the descriptive information of the study variables by unit types and for all available unit-level data points (n = 68 for the call light and fall data and n = 52 for the patient satisfaction data). One-way ANOVAs showed statistically significant differences in the mean values among the medical, surgical, and medical-surgical combined units on the call light use rate and 3 patient satisfaction scores ("help to the bathroom as soon as possible," "everything to help pain," and "pain well controlled"). The surgical unit had the highest call light use rate per patientday (mean = 6.03) and, surprisingly, had the highest patient satisfaction scores of the aforementioned items: "help to the bathroom as soon as possible" (mean = 50.24% of always), "everything to help pain" (mean = 69.68% of always), and "pain well controlled" (mean = 56.82% of always). Table 2 shows that except for the medicalsurgical combined unit data, when the call light use rate was higher, the average call light response time was longer (r ranged from 0.38 to 0.61, P < .01). For all data points, when the call light use rate was higher, the patient satisfaction scores with "everything to help pain" (r = 0.32, P = .02) and "pain well controlled" (r = 0.32, P = .02) were higher. For the medical unit data, when the call light use rate was higher, the patient satisfaction score with "pain well controlled" was higher (r = 0.40, P = .04). For the surgical unit data, when the call light use rate was higher, the injurious fall rate was lower (r = −0.58, P = .01). For the medical-surgical combined unit data, when the call light use rate was higher, the patient satisfaction score with "everything to help pain" was lower (r = −0.74, P = .004).
RESULTS
For all data points, when the average call light response time was longer, the patient satisfaction score with "received help as soon as possible" was lower (r = −0.30, P = .03). For the medical unit data, when the average response time was higher, the patient satisfaction score with "received help as soon as possible" was lower (r = −0.45, P = .02). For the medical-surgical combined unit data, when the average call light response time was higher, the patient satisfaction score with "pain well controlled" was lower (r = −0.75, P = .003).
DISCUSSION
This exploratory, small-scale research study examined the relationship among the call light use rate, the average call light response time, and the patient outcome indicators in acute, adult inpatient care settings. On the basis of the results of 1-way ANOVA and correlation analyses as shown in Tables 1 and 2 , it would be more practical to interpret the findings by unit types (medical, surgical, and a The summary of the 1-way ANOVA results on the differences across 3 unit types on the means of the study variables.
medical-surgical combined units) rather than treating the data from 3 different unit types equally. However, as a study limitation, when analyzing the linkage separately by unit types, the sample sizes for each unit type were small. Future studies may use weekly unit data (unit-week data) as the unit of analysis to increase the sample size by each unit type. Another possibility is to conduct multihospital research to gain sufficient unit-month data points. Thus, for a multihospital study, consideration of the differences across hospital types would be essential. A sufficient sample size would be needed to verify the relationship among the call light use rate, the average call light response time, and the patient outcome indicators. 
Practical implications and future research directions
Surgical units
This study found that for the surgical unit data, when the call light use rate was higher, the injurious fall rate was lower. Compared with the other unit types, the surgical unit data had the highest call light use rate and also the highest patient satisfaction scores for receiving "help to the bathroom as soon as possible,""everything to help pain,"and "pain well controlled."
It is assumed that the reasons for surgical patient-initiated call lights are primarily for pain medications, intravenous problems or pump alarms, or bathroom, bedside commode, or bedpan assistance. It is arguable that most of the surgical patients' problems are bodily and physical (eg, postoperative pain, acute pain due to an open wound). Assistance to the bathroom is another type of bodily problem that demands nursing staff's immediate attention. Because these reasons for surgical patient-initiated call lights are distinctly urgent, nurses may tend to treat and respond to all call lights equally and promptly. As a result, it is possible that surgical patients may need assistance more frequently than do nonsurgical patients. In addition, surgical patients may be more willing to use call lights to summon nurses for assistance because they know that their nurses will come to assist them immediately.
However, there is no evidence in the literature to support these possibilities, and this study did not address nurses' judgment or behaviors related to answering call lights, nor the motivations of surgical patients associated with call light use. Consequently, further research is needed to understand nurses' perspectives about reasons for patient-or family-initiated call lights and investigate any differences across types of patient care units. Nevertheless, it should be noted that nurses might not respond to a call light with similar speed among patients with the same diagnoses or medical problems on the basis of their assessment of patients' conditions that day.
After integrating this study's findings and our observations, we conclude that encouraging call light use among surgical patients is a key to reducing injurious fall rates among this population. As for practical implications, for nursing managers and quality improvement studies, it is essential to monitor the trend of the call light use rate per patient-day routinely and to ensure that the call light use rate is maintained at least above the mean call light use rate for surgical units. For example, a downward trend of call light use rates may lead to higher injurious fall rates because of lack of proper actions from nursing staff.
In summary, more research is needed to explore the differences in the reasons for patient-initiated call lights between surgical and medical patients. It is also important to explore the differences in the reasons for patient-initiated call lights as perceived by nursing staff who work in different types of inpatient care units. After crossvalidating the call light tracking data with the perspectives of nursing staff, patients, and family visitors toward patient-initiated call lights, interventions may be designed to promote safer hospital stays and improve patient satisfaction.
Medical and medical-surgical combined units
This study found that for the medical unit data, when the call light use rate was higher, patients were more satisfied with "pain well controlled." In contrast, for the combined medical-surgical unit data, when the call light use rate was higher, patients were less satisfied with "everything to help pain."This study could not explain why the relationships between call light use rate and patient satisfaction with pain management were inconsistent in directions between the medical unit and combined medical-surgical unit data. As a result, future research may use available nursing service-related patient satisfaction scores, as collected by the study hospital, to classify study units by their profiles. For example, on the basis of inpatient satisfaction scores, cluster analysis may be used to develop several distinct profiles. Then, the relationship between the total fall and injurious fall rates and the patient satisfaction profile may be developed.
For medical unit data, when the average response time was higher, the patient satisfaction score with "received help as soon as possible" was lower. For the medical-surgical unit, when the average call light response time was higher, the patient satisfaction score with "pain well controlled" was lower. These results were consistent with our observation that staff answering call lights in a more timely manner would lead to higher patient satisfaction scores.
CONCLUSIONS
The call light use rate and the average call light response time as indicators reflect the reality of patients' hospitalization experiences and provide an overall understanding of the patterns of an inpatient care unit's care delivery. In the current market, multiple call light systems allow for tracking call light use (Table 3) . Healthcare agencies can track this information (call light use and response time) themselves for quality improvement studies.
Are call light use and response time correlated with inpatient falls and inpatient dissatisfaction? This study concluded that for surgical patients, more calls for rescue or assistance may lead to less fall-related patient harm. The findings also suggested that it is essential to analyze the contributing relationship of the call light use rate and the average call light response time with the total fall and injurious fall rates and inpatient satisfaction scores separately by the types of inpatient care units. Larger-scale and multihospital studies are needed to validate the relationships among the number of patient-or family-initiated calls for rescue or assistance, response time of the staff, and the number of inpatient falls and injurious falls. Generally speaking, more call light use was associated with longer response time. Consequently, future research should also investigate any potential mediating factors between the relationship of call light use rates and response time (eg, staff mix and nursing hours per patient day). The key words "nurse call light" and "USA" were used to search for vendors in the Google search engine. More than 2 225 000 records were identified as of May 8, 2008 . The first 50 records were reviewed. The relevant information was abstracted from these records. The manufacturers in this table are all based in the United States. The products are available in the US market.
